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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide magnet powders and an isotropic 
bonded magnet which can provide a magnet superior in a molding property and 
magnetic characteristics. 

SOLUTION: Magnet powders by being subjected to quenching by spraying, a 
fusion of an alloy composition represented by Rx(Fe1-yCoy)100-x-z- 
wBzAlw(where R is at least one kind of rare-earth element, x is 7.1 to 9.9 
atomic %; y is 0 to 0.30 atomic %; z is 4.6 to 6.9 atomic %; w is 0.02 to 1 .5 
atomic %) for obtaining magnet powders. Its constitution is a composite one, 
having a hard magnetic phase and a soft magnetic phase as main phases. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Rx(Fe1-yCoy)100-x-z-wBzAlw (however, R) At least one sort of rare 
earth elements, x:7.1 to 9.9 atom %, y:0 to 0.30, z:4.6 to 6.9 atom %, Magnet 
powder which ****** that it is the magnet powder obtained by carrying out 
spraying quenching of the molten metal of the alloy presentation expressed with 
w:0.02 - 1.5 atom %, and he is the complex tissue where the configuration 
organization has the hard magnetism phase and software magnetism phase as a 
main phase. 

[Claim 2] Said complex tissue is magnet powder according to claim 1 which is a 
nano composite organization. 

[Claim 3] Magnet powder is magnet powder according to claim 1 or 2 
manufactured by the atomizing method which used gas or a liquid. 
[Claim 4] Magnet powder according to claim 1 to 3 whose diameter of average 
crystal grain is 5-500nm. 

[Claim 5] Magnet powder according to claim 1 to 4 whose mean particle diameter • 
is 1-150 micrometers. 

[Claim 6] Magnet powder is magnet powder according to claim 1 to 5 with which 
heat treatment is performed once [ at least ]. 

[Claim 7] The isotropic bond magnet characterized by coming to join magnet 

powder according to claim 1 to 6 together by joint resin. 

[Claim 8] The isotropic bond magnet characterized for the constituent which 



comes to mix magnet powder according to claim 1 to 6 and thermoplastics by 
injection molding or carrying out extrusion molding and being obtained. 
[Claim 9] The isotropic bond magnet characterized by coming to join together the 
magnet powder which is the complex tissue where it is obtained by carrying out 
spraying quenching of the alloy molten metal containing aluminum, and the 
configuration organization has the hard magnetism phase and software 
magnetism phase as a main phase by joint resin. 

[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 1 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to magnet powder and an isotropic 

bond magnet. 

[0002] 

[Description of the Prior Art] Although a bond magnet carries out pressurization 
formation and is manufactured by the configuration of a request of the mixture 
(compound) of magnet powder and joint resin (organic binder), compression 
forming, the extrusion method, the injection-molding method, etc. are used for 



the shaping approach. 

[0003] Also in it, an injection-molding method and an extrusion method 
(especially injection-molding method) have the high degree of freedom of 
configuration selection, and have the advantage that productivity is high. 
[0004] When manufacturing a bond magnet using these shaping approaches, it is 
necessary to fully raise the fluidity of the compound in a making machine. In 
order to raise the fluidity of a compound conventionally, the magnet powder 
manufactured by the atomizing method etc. was used. 

[0005] However, the magnetic properties of the magnet powder obtained by the 
atomizing method were low as compared with the magnet powder obtained by 
other manufacture approaches, and were not what can be satisfied by the 
application etc. 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to 
offer the magnet powder and the isotropic bond magnet which can offer the 
magnet excellent in a moldability and magnetic properties. 
[0007] 

[Means for Solving the Problem] Such a purpose is attained by this invention of 
following the (1)- (9). 

[0008] (1) Rx(Fe1-yCoy)100-x-z-wBzAlw (however, R) At least one sort of rare 
earth elements, x:7.1 to 9.9 atom %, y:0 to 0.30, z:4.6 to 6.9 atom %, Magnet 
powder which ****** that it is the magnet powder obtained by carrying out 
spraying quenching of the molten metal of the alloy presentation expressed with 
w:0.02 - 1 .5 atom % f and he is the complex tissue where the configuration 
organization has the hard magnetism phase and software magnetism phase as a 
main phase. 

[0009] (2) Said complex tissue is magnet powder given in the above (1) which is 
a nano composite organization. 

[0010] (3) Magnet powder is magnet powder the above (1) manufactured by the 
atomizing method which used gas or a liquid, or given in (2). 



[001 1] (4) The above (1) whose diameter of average crystal grain is 5-500nm 
thru/or magnet powder given in either of (3). 

[0012] (5) The above (1) whose mean particle diameter is 1-150 micrometers 
thru/or magnet powder given in either of (4). 

[0013] (6) Magnet powder is the above (1) to which heat treatment is performed 
once [ at least ] thru/or magnet powder given in either of (5). 
[0014] (7) The isotropic bond magnet characterized by coming to join the above 
(1) thru/or magnet powder given in either of (6) together by joint resin. 
[0015] (8) The isotropic bond magnet characterized for the constituent which 
comes to mix the above (1) thru/or magnet powder given in either of (6), and 
thermoplastics by injection molding or carrying out extrusion molding and being 
obtained. 

[0016] (9) The isotropic bond magnet characterized by coming to join together 
the magnet powder which is the complex tissue where it is obtained by carrying 
out spraying quenching of the alloy molten metal containing aluminum, and the 
configuration organization has the hard magnetism phase and software 
magnetism phase as a main phase by joint resin. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the magnet 
powder of this invention and an isotropic bond magnet is explained to a detail. 
[0018] the magnet powder of [alloy presentation of magnet powder] this invention 
consists of an alloy presentation expressed with Rx(Fe1-yCoy)100-x-z-wBzAlw 
(however, R - at least one sort of rare earth elements, x:7.1 to 9.9 atom %, y:0 to 
0.30, z:4.6 to 6.9 atom %, and w:0.02 to 1.5 atom %). 

[0019] as R (rare earth elements), Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, 
Er, Tm, Yb, Lu, and a misch metal mention - having these - one sort or two 
or more sorts can be included. 

[0020] The content (content) of R is made into 7.1 to 9.9 atom %. Even if 
coercive force sufficient by under 7.1 atom % is not acquired but R adds 
aluminum, there is little improvement in coercive force. On the other hand, if R 



exceeds 9.9 atom %, since the potential of magnetization will fall, sufficient flux 
density is no longer obtained. 

[0021] Here, as for R, it is desirable that they are the rare earth elements which 
are mainly concerned with Nd and/or Pr. The reason is effective [ these rare 
earth elements ] in order to raise the saturation magnetization of the hard 
magnetism phase which constitutes complex tissue (especially nano composite 
organization) and to realize coercive force good as a magnet. 
[0022] Moreover, as for R, it is desirable that the percentage is 5 - 75% to the 
whole R including Pr, and it is more desirable that it is 20 - 60%. It is because 
coercive force and square shape nature can be raised, without producing most 
falls of a residual magnetic flux density as it is this range. 
[0023] Moreover, as for R, it is desirable that the percentage is 14% or less to the 
whole R including Dy. While being able to raise coercive force, without producing 
the remarkable fall of a residual magnetic flux density as it is this range, it is 
because improvement in the temperature characteristic (thermal stability) is also 
attained. 

[0024] Co is transition metals which have the same property as Fe. Although 
Curie temperature becomes high and the temperature characteristic improves by 
adding this Co (permuting a part of Fe), when the permutation ratio of Co to Fe 
exceeds 0.30, both coercive force and flux density show the inclination to fall. In 
0.05-0.20, since not only the improvement in the temperature characteristic but 
the flux density itself improves, the permutation ratio of Co to Fe is still more 
desirable. 

[0025] B (boron) is an element effective in acquiring high magnetic properties, 
and the content is made into 4.6 to 6.9 atom %. Square shape nature [ in / that B 
is under 4.6 atom % / a B-H (J-H) loop formation ] worsens. On the other hand, if 
B exceeds 6.9 atom %, a nonmagnetic phase will increase and flux density will 
decrease rapidly. 

[0026] aluminum is an advantageous element for the improvement in coercive 
force, and the effectiveness of the improvement in coercive force shows up 



notably in the range of 0.02 - 1.5 atom % especially. Moreover, in this range, it 
follows in footsteps of improvement in coercive force, and square shape nature 
and the maximum magnetic energy product also improve. Furthermore, it 
becomes good also about thermal resistance and corrosion resistance. However, 
as mentioned above, such effectiveness by aluminum addition has R very small 
at under 7.1 atom %. Moreover, if aluminum exceeds 1.5 atom %, the fall of 
magnetization will arise. 

[0027] Although aluminum itself is not the new matter, in addition, in this 
invention In the magnet powder which consists of complex tissues which have a 
software magnetism phase and a hard magnetism phase as a result of repeating 
an experiment and research ** By making aluminum contain in the range of 0.02 
- 1.5 atom % The outstanding square shape nature, ** which can aim at the 
improvement (reduction of an absolute value) of ** irreversible demagnetizing 
factor which can aim at improvement in coercive force, securing the maximum 
magnetic energy product - three effectiveness that good corrosion resistance 
can be held is acquired - It finds out thai: especially such effectiveness is 
acquired by coincidence, and the meaning of this invention is in this point. 
[0028] Thus, in this invention, it is an opposite effect rather to add the amount 
which finds out the description for aluminum to carry out [ a minute amount or ] 
little content, and exceeds 1.5 atom %, and this invention is not just going to 
mean. 

[0029] In addition, although the range where aluminum content is desirable is 
0.02 to 1 .5 atom % as mentioned above, as for the upper limit of this range, it is 
more desirable that it is 1.0 atoms %, and it is still more desirable that it is 0.8 
atoms %. 

[0030] Moreover, in the alloy which constitutes magnet powder from a purpose of 
raising magnetic properties further, at least one sort of elements chosen from the 
group (this group is expressed with "Q" below) which consists of Cu, Si, Ga, Ti, V, 
Ta, Zr, Nb, Mo, Hf, Ag, Zn, P, germanium, Cr, and W can also be contained if 
needed. When it contains the element belonging to Q, it is desirable that it is 



below 2 atom %, as for the content, it is more desirable that it is 0.1 to 1 .5 
atom %, and it is still more desirable that it is 0.2 to 1.0 atom %. 
[0031] Content of the element belonging to Q demonstrates the effectiveness of 
the proper according to the class. For example, Cu, Si, Ga, V, Ta, Zr, Cr, and Nb 
are effective in raising corrosion resistance. 

[0032] [Complex tissue] Magnet powder consists of complex tissues which have 
the hard magnetism phase and software magnetism phase as a main phase 
again. 

[0033] This complex tissue (nano composite organization) exists by the pattern 
(model) as the software magnetism phase 10 and the hard magnetism phase 11 
show to drawing 1 , drawing 2 , or drawing 3 , and the thickness and particle size 
of each phase exist on nano meter level. And the software magnetism phase 10 
and the hard magnetism phase 1 1 adjoin each other (it contains, also when it 
adjoins through a grain boundary phase), and a magnetic exchange interaction is 
produced. 

[0034] The main phase of this complex tissue is a hard magnetism phase. 
Thereby, magnetic properties excellent in coercive force and square shape 
nature are acquired. 

[0035] As for the diameter of average crystal grain of each phase, it is desirable 
that it is 5-500nm, and it is more desirable that it is 10-200nm. The effect of the 
exchange interaction between crystal grain may become it strong that the 
diameter of average crystal grain of each phase is under a lower limit too much, 
flux reversal may become easy, and coercive force may deteriorate. 
[0036] On the other hand, if the diameter of average crystal grain of each phase 
exceeds a upper limit, since the effect of big-and-rough-izing of the diameter of 
crystal grain and the exchange interaction between crystal grain becomes weak, 
flux density, coercive force, square shape nature, and a maximum energy 
product may deteriorate. 

[0037] In addition, the pattern shown in drawing 1 - drawing 3 is an example, and 
is not restricted to these. 



[0038] Since magnetization of a software magnetism phase changes the sense . 
easily according to an operation of an external magnetic field, if it is intermingled 
in the hard magnetism phase which is the main phase, the magnetization curve 
of the whole system will turn into a "snake die-bending line" which has a stage 
with the second quadrant of a B-H Fig. However, when the size of a software 
magnetism phase is sufficiently small, magnetization of the software magnetic 
substance is restrained sufficiently strongly by association with magnetization of 
the surrounding hard magnetic substance, and the whole system comes to act as 
the hard magnetic substance. 

[0039] The magnet with such complex tissue (nano composite organization) 
mainly has the next descriptions 1-5. 

[0040] 1) With the second quadrant of a B-H Fig. (J-H Fig.), magnetization 
carries out springback reversibly (it is also called a "spring magnet" in this 
semantics). 

2) Magnetization nature is good and can magnetize in a comparatively low 
magnetic field. 

3) Compared with the case where the temperature dependence of magnetic 
properties is hard magnetism phase independent, it is small. 

4) Aging of magnetic properties is small. 

5) Even if it pulverizes, magnetic properties do not deteriorate. 

[0041] In the alloy presentation mentioned above, a hard magnetism phase and a 
software magnetism phase serve as the following, for example. 
[0042] Hard magnetism phase: An R2TM14B system (however, TM, Fe, or Fe 
and Co) or an R2 (TM, aluminum)14B system (or an R2 (TM, Q)14B system, an 
R2 (TM, aluminum, Q)14B system) 

Software magnetism phase: TM (especially alpha-Fe, alpha- (Fe, Co)) or the 
alloy phase of TM and aluminum, the compound phase of TM and B, the 
compound phase (or phase containing such Q) of TM, and B and aluminum 
[0043] The magnet powder of [manufacture approach of magnet powder] this 
invention is manufactured by carrying out spraying quenching of the molten metal 



of the alloy presentation mentioned above using an atomizing process. For 
example, the gas atomizing method using inert gas, such as the liquid quenching 
atomizing method using liquids, such as water, liquid nitrogen, and liquid argon, 
as an atomizing process, and argon gas, gaseous helium, nitrogen gas, etc. is 
mentioned. 

[0044] By using such an approach, magnet powder, such as the shape of an 
abbreviation globular form, can be easily manufactured by setup of manufacture 
conditions etc. 

[0045] Moreover, since magnet powder is obtained directly, without passing 
through processes, such as grinding, a production process is simplified and low 
cost-ization is attained. 

[0046] Hereafter, an example of the gas atomizing method is explained. By the 
gas atomizing method, the equipment (magnet powder manufacturing 
installation) which manufactures magnet powder consists of a barrel which can 
contain a magnet ingredient, and a gas injection nozzle which injects inert gas. 
[0047] The nozzle (orifice) which injects the molten metal of a magnet ingredient 
(alloy) is formed in the lower limit of a barrel. 

[0048] Moreover, by arranging the coil for heating at the periphery near the 
nozzle of a barrel, and impressing a RF to this coil, the inside of a barrel is 
heated and the magnet ingredient in a barrel is changed into a dissolution 
condition. The gas injection nozzle is prepared directly under [ where an alloy 
molten metal flows out ] the nozzle. 

[0049] Such a magnet powder manufacturing installation is installed in a chamber, 
and operates in the condition of having filled up with inert gas or other controlled 
atmospheres preferably in this chamber. In order to prevent oxidation of magnet 
powder especially, as for a controlled atmosphere, it is desirable that it is inert 
gas, such as for example, argon gas, gaseous helium, and nitrogen gas. 
[0050] In a magnet powder manufacturing installation, if magnet ingredients 
(alloy) are paid in a barrel, and it heats with a coil, it fuses and the regurgitation 
of the molten metal is carried out from a nozzle, inert gas, such as argon gas, 



gaseous helium, and nitrogen gas, is injected, it will quench an alloy molten 
metal and magnet powder will be obtained from the gas injection nozzle prepared 
directly under the nozzle. 

[0051] Although the temperature of the alloy molten metal made to flow out of a 
nozzle (orifice) changes a little with alloy presentations etc. at this time, it is 
desirable that it is 1200-1600 degrees C, and it is more desirable that it is 1300- 
1500 degrees C. 

[0052] Moreover, although especially the pressure of the inert gas injected from a 
gas injection nozzle is not limited, it is desirable that it is 10 - 200 kgf/cm2, and it 
is more desirable that it is 15 - 100 kgf/cm2. 

[0053] Moreover, as for the mean particle diameter of magnet powder, it is 
desirable that it is 1-150 micrometers, and it is more desirable that it is 5-80 
micrometers. It becomes impossible for the rate of the volume of the part into 
which the magnet powder front face has oxidized that the mean particle diameter 
of magnet powder is under a lower limit to ignore compared with the whole 
powder product, and only magnetic properties low as a result may be acquired. 
Moreover, the problem on handling - there is fear of ignition - is also produced. 
On the other hand, if the mean diameter of magnet powder exceeds a upper limit, 
when magnet powder will be used for manufacture of a bond magnet, the fluidity 
of the constituent for magnets at the time of shaping of a bond magnet 
(compound) may not fully be acquired. 

[0054] Moreover, in order to obtain the better moldability at the time of shaping of 
a bond magnet, the particle size distribution of the magnet powder obtained has 
that desirable which is distributed to some extent (there is variation). When the 
void content of the obtained bond magnet can be reduced by this, consequently 
the content of the magnet powder in a bond magnet is made the same, the 
consistency and mechanical strength of a bond magnet can be raised more, and 
magnetic properties can be improved further. 

[0055] In addition, to the obtained magnet powder, heat treatment can also be 
performed once [ at least ] for the purpose of promotion of recrystallization of an 



amorphous organization, homogenization of an organization, etc., for example. 
As conditions for this heat treatment, it is 400-900 degrees C, and is about 0.5 - 
300 minutes, for example. 

[0056] Moreover, in order to prevent oxidation, as for this heat treatment, it is 
desirable to carry out in a non-oxidizing atmosphere like [ under a vacuum or a 
reduced pressure condition (for example, 1x10-1 - 1x10-6Torr) or in inert gas, 
such as nitrogen gas, argon gas, and gaseous helium, ]. 
[0057] When a bond magnet is manufactured using the above magnet powder, 
such magnet powder has good affinity (wettability of joint resin) with joint resin, 
therefore this bond magnet has a high mechanical strength, and it becomes the 
thing excellent in thermal stability (thermal resistance) and corrosion resistance. 
Therefore, the magnet powder concerned fits manufacture of a bond magnet 
[0058] [A bond magnet and its manufacture], next the isotropic bond magnet 
(only henceforth a "bond magnet") of this invention are explained. 
[0059] The bond magnet of this invention comes to join the above-mentioned 
magnet powder together by joint resin preferably. 

[0060] As joint resin (binder), any of thermoplastics and thermosetting resin are 
sufficient. 

[0061] As thermoplastics, for example A polyamide (example: nylon 6, Nylon 46, 
Nylon 66, Nylon 610, Nylon 612, Nylon 11, Nylon 12, Nylon 612, nylon 6 -66), 
Liquid crystal polymers, such as thermoplastic polyimide and aromatic polyester, 
polyphenylene oxide, Polyolefines, such as polyphenylene sulfide, polyethylene, 
polypropylene, and an ethylene-vinylacetate copolymer, Denaturation polyolefine, 
a polycarbonate, polymethylmethacrylate, Polyester, such as polyethylene 
terephthalate and polybutylene terephthalate, The copolymer which is mainly 
concerned with these, a blend object, a polymer alloy, etc. are mentioned, and a 
polyether, a polyether ether ketone, polyether imide, polyacetal, etc. can mix and 
use 1 of sorts of these, and two sorts or more. 

[0062] Also among these, especially the moldability is excellent, and since the 
mechanical strength is high, that which is mainly concerned with a liquid crystal 



polymer and polyphenylene sulfide from the point of a polyamide and heat- 
resistant improvement is desirable. Moreover, these thermoplastics is excellent 
also in kneading nature with magnet powder. 

[0063] Such thermoplastics has the advantage that selection wide range like 
what thought the moldability as important, and the thing which thought thermal 
resistance and a mechanical strength as important is attained by the class, 
copolymerization-ization, etc. 

[0064] On the other hand, as thermosetting resin, various epoxy resins, such as 
a bisphenol mold, a novolak mold, and a naphthalene system, phenol resin, a 
urea resin, melamine resin, polyester (unsaturated polyester) resin, polyimide 
resin, silicone resin, polyurethane resin, etc. are mentioned, and 1 of sorts of 
these and two sorts or more can be mixed and used, for example. 
[0065] From the point of especially the moldability being excellent also among 
these, and a mechanical strength being high and excelling in thermal resistance, 
an epoxy resin, phenol resin, polyimide resin, and silicone resin are desirable, 
and especially an epoxy resin is desirable. Moreover, these thermosetting resin 
is excellent also in kneading nature with magnet powder, and the homogeneity of 
kneading. 

[0066] In addition, the thing of a solid [ thing / liquefied ] (powdered) is sufficient 
as the thermosetting resin (un-hardening) used at a room temperature. 
[0067] Such a bond magnet of this invention is manufactured as follows, for 
example. Magnet powder, joint resin, and the need are accepted, and additives 
(an anti-oxidant, lubricant, etc.) are mixed, it kneads (for example, kneading 
between **), the constituent for bond magnets (compound) is manufactured, and 
it fabricates in a desired magnet configuration all over a non-magnetic field using 
this constituent for bond magnets by the shaping approaches, such as injection 
molding, extrusion molding, and compression molding (press forming). When 
joint resin is thermosetting resin, it is hardened with heating etc. after shaping. 
[0068] Injection molding has the advantage that the degree of freedom to a 
magnetic configuration can also manufacture the magnet of a large especially 



complicated configuration easily. Moreover, like injection molding, the degree of 
freedom of extrusion molding to a magnetic configuration is large, and it has the 
advantage that productivity is also high. 

[0069] The magnet powder of this invention has the high fluidity, and is suitable 
for manufacturing a bond magnet with extrusion molding or injection molding. 
Therefore, it is desirable that it is the bond magnet manufactured by extrusion 
molding or injection'molding. 

[0070] Especially the content (content) of the magnet powder in a bond magnet is 
not limited, but is usually determined in consideration of coexistence with the 
shaping approach, and a moldability and high magnetic properties. It is desirable 
that it is about 75-99.5wt%, and, specifically, it is more desirable that it is about 
85-97.5wt%. 

[0071] Although the bond magnet was especially manufactured by extrusion 
molding or injection molding, as for the content of magnet powder, to a case, it is 
desirable that it is about 75-98wt%, and it is more desirable to it that it is about 
85-97wt%. 

[0072] In this case, as for the joint resin used, it is desirable at the time of 
kneading that it is thermoplastics mentioned above in respect of the fluidity of the 
compound at the time of shaping. 

[0073] Moreover, although the bond magnet was manufactured by compression 
molding, as for the content of magnet powder, to a case, it is desirable that it is 
about 90-99.5wt%, and it is more desirable to it that it is about 93-98.5wt%. 
[0074] Since the flux density of magnet powder and coercive force are large, 
even when it fabricates to a bond magnet in this invention, and there are many 
contents of magnet powder and there are [ not to mention ] comparatively few 
contents, by it, outstanding magnetic properties (especially high maximum 
magnetic energy (product BH) max) are acquired. Therefore, even when a bond 
magnet is manufactured like injection molding or extrusion molding by the 
approach which cannot make the content (content) of magnet powder high 
compared with compression molding, outstanding magnetic properties are 



acquired. 

[0075] the configuration of the bond magnet of this invention, especially a 
dimension, etc. are limited - not having - for example, a configuration - being 
related - cylindrical and a prismatic form - the thing of all configurations, such as 
cylindrical (the shape of a ring), circular, plate-like, and curve tabular, is possible, 
and the thing of all magnitude is possible also for the magnitude from a large- 
sized thing to a micro thing. 
[0076] 

[Example] Next, the concrete example of this invention is explained. 
[0077] (Example 1) The magnet powder (seven sorts of magnet powder to which 
the aluminum content w was changed variously) by which an alloy presentation is 
expressed with an approach which is described below by 
8.6(NdOJPr0.25Dy0.05) FebalCo7.0B5.4Alw was obtained. 
[0078] First, weighing capacity of each raw material of Nd, Pr, Dy, Fe, Co, B, and 
aluminum was carried out, and the hardener ingot was cast. 
[0079] In the inert gas ambient atmosphere, said hardener was dissolved within 
the crucible with which the orifice with a diameter of 3mm was prepared in the 
pars basilaris ossis occipitalis, and the alloy molten metal was obtained. This 
alloy molten metal was made to flow out of an orifice in the place which made 
temperature of this alloy molten metal 1350 degrees C. At this time, argon gas 
was injected by the pressure of 50 kgf/cm2 from the gas injection nozzle which is 
directly under an orifice, and magnet powder was obtained by quenching an alloy 
molten metal. Thus, the mean particle diameter of each obtained magnet powder 
is shown in Table 1. 

[0080] Heat treatment for 700 degree-Cx 600 seconds was performed among the 
argon gas ambient atmosphere to each obtained magnet powder. 
[0081] About the magnet powder with which this heat treatment was performed, 
in order to analyze that phase configuration, the X diffraction was performed at 
20 degrees - 60 degrees of angle of diffractions using Cu-Kalpha. It was checked 
that an R2 (Fe-Co)14B type phase (hard magnetism phase) exists, and alpha- 



(Fe, Co) type phase (software magnetism phase) exists with it as a main phase 
from a diffraction pattern. Furthermore, forming complex tissue (nano composite 
organization) was checked by each from the observation result by the 
transmission electron microscope (TEM). About each magnet powder, the 
diameter of average crystal grain of each phase is shown in Table 1 . 
[0082] as a small amount of hydrazine system anti-oxidant and lubricant to this 
magnet powder as [ polyamide resin (Nylon 12) ] mixing ~ these - 225degree- 
Cx for 15 minutes, it kneaded and the constituent for bond magnets 
(compound) was produced. At this time, the rate of a compounding ratio (weight 
ratio) of magnet powder and polyamide resin (Nylon 12) was made into the value 
almost equal about each bond magnet. That is, the content (content) of the 
magnet powder in each bond magnet was about 93 wt(s)%. 
[0083] Subsequently, this compound was ground, it presupposed that it is 
granular, injection molding of this granular object was carried out using the 
injection molding machine (Japan Steel Works Make, J50-E2), and the isotropic 
bond magnet of the shape of a cylinder with a diameter [ of 10mm ] x height of 
7mm was obtained. The die temperature at the time of shaping was 225 degrees 
C whenever [ 90 degrees-C and injection cylinder internal temperature ]. 
[0084] About these bond magnets, after giving pulse magnetization with a 
magnetic field strength of 3.2MA [/m ], magnetic properties (flux density Br, 
coercive force HcJ, and maximum magnetic energy (product BH) max) were 
measured by maximum impression magnetic field 2.0 MA/m with the dc self- 
recording fluxmeter (the Toei Industry make, TRF-5BH). The temperature at the 
time of measurement was 23 degrees C (room temperature). 
[0085] About each bond magnet, the aluminum content w, flux density Br, 
coercive force HcJ, and the value of maximum magnetic energy (product BH) 
max are shown in Table 1 . 
[0086] 
[Table 1] 
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51 
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60.3 
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39 
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64.5 


5 (*9SW) 
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41 


44 


0. 68 


562 


66.7 


6 (*3B9!) 


1.5 


43 


50 


0.65 


541 


61.9 


7 (JtttW) 


2.2 


40 


75 


0.52 


402 


40.6 



[0087] The bond magnet of sample No.1 and No.7 (example of a comparison) is 
inferior in magnetic properties to each of bond magnets of sample No.2-No.6 
(this invention) having outstanding magnetic properties (a residual magnetic flux 
density Br, maximum magnetic energy (product BH) max, and coercive force 
HcJ) so that clearly from Table 1. 

[0088] (Example 2) The magnet powder (seven sorts of magnet powder to which 
the aluminum content w was changed variously) by which an alloy presentation is 
expressed with an approach which is described below by 
8.6(Nd0.65Pr0.25Dy0.1) FebalCo7.0B5.5Alw was obtained. 
[0089] First, weighing capacity of each raw material of Nd, Pr, Dy, Fe, Co, B, and 
aluminum was carried out, and the hardener ingot was cast. 
[0090] In the inert gas ambient atmosphere, said hardener was dissolved within 
the crucible with which the orifice with a diameter of 3mm was prepared in the 
pars basilaris ossis occipitalis, and the alloy molten metal was obtained. This 
alloy molten metal was made to flow out of an orifice in the place which made 
temperature of this alloy molten metal 1350 degrees C. At this time, argon gas 
was injected by the pressure of 60 kgf/cm2 from the gas injection nozzle which is 
directly under an orifice, and magnet powder was obtained by quenching an alloy 
molten metal. Thus, the mean particle diameter of each obtained magnet powder 
is shown in Table 2. 

[0091] Heat treatment for 700 degree-Cx 600 seconds was performed among the 
argon gas ambient atmosphere to each obtained magnet powder. 
[0092] About the magnet powder with which this heat treatment was performed, 
in order to analyze that phase configuration, the X diffraction was performed at 



20 degrees - 60 degrees of angle of diffractions using Cu-Kalpha. It was checked 
that an R2 (Fe-Co)14B type phase (hard magnetism phase) exists, and alpha- 
(Fe, Co) type phase (software magnetism phase) exists with it as a main phase 
from a diffraction pattern. Furthermore, forming complex tissue (nano composite 
organization) was checked by each from the observation result by the 
transmission electron microscope (TEM). About each magnet powder, the 
diameter of average crystal grain of each phase is shown in Table 2. 
[0093] as a small amount of hydrazine system anti-oxidant and lubricant to this 
magnet powder as [ polyamide resin (Nylon 12) ] - mixing - these - 225degree- 
Cx - for 15 minutes, it kneaded and the constituent for bond magnets 
(compound) was produced. At this time, the rate of a compounding ratio (weight 
ratio) of magnet powder and polyamide resin (Nylon 12) was made into the value 
almost equal about each bond magnet. That is, the content (content) of the 
magnet powder in each bond magnet was about 95 wt(s)%. 
[0094] Subsequently, this compound was ground, it presupposed that it is 
granular, extrusion molding of this granular object was carried out using the 
extruding press machine, it cut to predetermined die length, and the isotropic 
bond magnet of the shape of a cylinder with a diameter [ of 10mm ] x height of 
7mm was obtained. The die temperature at the time of shaping was 150 degrees 
C. 

[0095] About these bond magnets, after giving pulse magnetization with a 
magnetic field strength of 3.2MA [/m ], magnetic properties (flux density Br, 
coercive force HcJ, and maximum magnetic energy (product BH) max) were 
measured by maximum impression magnetic field 2.0 MA/m with the dc self- 
recording fluxmeter (the Toei Industry make, TRF-5BH). The temperature at the 
time of measurement was 23 degrees C (room temperature). 
[0096] About each bond magnet, the aluminum content w, flux density Br, 
coercive force HcJ, and the value of maximum magnetic energy (product BH) 
max are shown in Table 2. 
[0097] 
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[0098] Sample No.8 and the bond magnet of No. 14 (example of a comparison) 
are inferior in magnetic properties to each of bond magnets of sample No.9- 
No.13 (this invention) having outstanding magnetic properties (a residual 
magnetic flux density Br, maximum magnetic energy (product BH) max, and 
coercive force HcJ) so that clearly from Table 2. 
[0099] 

[Effect of the Invention] According to this invention, the following effectiveness is 
acquired as stated above. 

[0100] - Since magnet powder consists of complex tissues which have the hard 
magnetism phase and software magnetism phase as a main phase, while high 
magnetization is obtained, it has moderate coercive force and excel also in 
magnetization nature. 

- It is suitable for manufacturing a bond magnet by the manufacture approach 
that the degree of freedom of configuration selections, such as an injection- 
molding method and an extrusion method, is high and that productivity is high. 

- Since magnet powder is obtained directly, without passing through processes, 
such as grinding, by carrying out spraying quenching of the alloy molten metal, a 
production process is simplified and low cost-ization of it is attained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing typically an example of complex tissue (nano 

composite organization) in the magnet powder of this invention. 

[Drawing 2] It is drawing showing typically an example of complex tissue (nano 

composite organization) in the magnet powder of this invention. 

[Drawing 3] It is drawing showing typically an example of complex tissue (nano 

composite organization) in the magnet powder of this invention. 

[Description of Notations] 

10 Software Magnetism Phase 

1 1 Hard Magnetism Phase 
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5~9 7. 5wt%SST'J)S^A l 9ff^LV\ 

[0071] mz. xv m^wmmttzmmfS. 

(4, 7 5~9 8wt%gjeT*6*>##4L<. 8 5~ 
9 7 w t %ifUrr* ■& <7)* J A 0 if & I V \ 

[0072] z<wte s m^btiM$£®mt. mm 
ft. mmizmh o vj^ v v nmj&n&x. tm 
itzmmmmTb&omt lo. 
[ o o 7 3 ] ttz. xv mm^smmizx osjis 

tltli><M)i$riSlZtt. Bffi«*<0*W*i. 9 0-9 
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9. 5 w t %gJKT* &COt)W£L<. 93-98. 5 

[0074] *mrc&* ffls®mm.-m®m. urn* 

x^u^-n (bh),„) tm htih, Ltztfnx, 

y mmmmztizt^x-h , mtitzmmm^mh 

[oo75] ^mntfy msmm. -tmamz 
mMtsti-f, mm. mmzmtxa. mux. 

my: ( vyytf.) , pm«, » 

[0076] 



[0077] ( mmm 1 ) vxnzmKi x o 

^ffl^* 5 (Nd 0 . 7 Pr 0 . 25 Dy 0 .c5) 8. 6 Fe bal Co 

T^Bs^AKx-mztimmm (Ai^mwm 
immttzmmm*) mtz. 

[0 0 78] t-f. Nd, Pr, Dy, Fe, Co, 

b, a icomMmmix^^y^'y bmmi 

fz. 

[0079] T^m^m%^x\ mmzum mm 
m>jy< xmm^titzi^mxmm^imm 
l. $£®mntz. c\co-&&mws<7)i&mz 1 3 5 o°c 

hL£t^T\ ^'j7aK: ?>&&?§)§£ffiffi § 
Cc?)£#, *V7< ZOWTtiZfoltfAimyX 
iVfrtiTlVdytfX* 50kg f /c m 2 <9£;bT'RtIf 
LT, i*mm*M.tf;i'&Ztl l z£<9mfi¥tt$:Wz. 

zoxoiz Lxm^ixtz&Mwmwtm.mm. 1 iz 

[0080] VtetVtz&BfcV&Uzni'C , TJHytf 



xnm%*. 7oo°cx6oo®com%mzmuz. 
[00813 ^coi^a^$ii^a^*no^-c , 

o- ~6o- trcx*iBWf*fTofc. mw-y» 

fc, ifflfcUC, R 2 (Fe • Co) 14 BSffl <a-F 
fi8ttffi)##£U fflfcfciK, a - (Fe, 

c o ) aiffi ( v 7 higttffl ) £ t tftmzti 

tz. sfetc, ieet«7iwik <tem> icttim* 

* »JS UT v^> z t tfmzZtitz . «BFB»*(cov > 

[00823 £08ffi»*fc, # 'J 7 S HSU ( o 
VI 2 ) t „ 4>*<0t K 9 > ? >'5RiWfcB&jJb3W*5«tt^iE!» 

U <Ift^£2 2 5'Cxi 5#H3, ilMLT 
^FKffllMKn^^yK) fcfHHU;. zcr> 
t*. affiSfefefctfUTS HSU (t^foy 1 2) i:<D 
E^Jt* (fi*Jt) t4, atf^KHPBfconTfcBSPL 

[0083] ;^)3Vyc»>^Ht»»LTft* 
J50-E2) SrfflV^TItai^L. BSl OmmXl 

Z7mmco\Hmtcomm;ym'fimtz. mm 

MiKIl 9 Or, SMJi^y^-flSgte, 22 5 

'cx-h^tz. 

[00843 ztit>co7nymwz^x. mm.%. 

3. 2MA/mOAMfMLtf, lBSK3!Bflt& 
ft (S£I* (tt) SL TRF-5BH) tTJWcffiSP 
E8*t 2 . 0 MA/mtSaifl ( tt^ff « B r , «fl»j 
H CJ 8J:tfa*«^*/WM* (BH) .„) £U£ 
Lfc . U£B#cDi&£(4 , 2 3°C (MS) T£. -5 tz . 
[0085] HBffifco^T, A 1 #3r»w, )K 

(BH) . ai <0«^l(C^-f. 
[0086] 

mi] 





w 






B r 


H cJ 


(BH) B „ 






(wm) 


(nm) 


(T) 


(kA/m) 


(k J /m 3 ) 


1 (MM) 


0 


40 


77 


0.50 


396 


L 39.5 


2 


0.04 


39 


57 


0.62 


489 


58.2 


3 


0.1 


38 


51 


0. 64 


515 


60.3 


4 C*»W) 


0.2 


39 


47 


0.66 


530 


64.5 


5 (*&W) 


0.5 


41 


44 


0.68 


562 


66.7 


6 


L5 


43 


50 


0. 65 


541 


61.9 


7 (JtttM) 


2.2 


40 


75 


0.52 


402 


40.6 



[0 0 87] Hlj&>$>BJtea>fcJ:3fc, t^r/PNo. 
2-No. 6 (*f£HJ§) ^^HOCtt, ^ftlt, ft 

titzmnxm (bwss^^sb r, s^k^x^^^- 

a (BH) B „*jj:tf»HWjH C( j) SrWUT^6Wfc:*r 



L, D-yr/l-No. 1, No. 7 (JtKW) OiKyHB 

[00883 ( mmm 2 > otics*** ^ 3 

^ffifiS;* 5 (Nd 0 . 65 P r,, !5 Dy u ) M Fe kal Co 
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7.0B5.5A l,T«Sn4Bffi»* (A 1 £W*w£8 

[0 089] £f\ Nd, Pr, Dy, Fe, Co, 
B, A 1 ^Jf^ftftLTSl^ y^-y hSr«jtt 
fc. 

[0090] ^S14#X#ffl^T\ ]gaHClL&3 mm 

U iIO-&M?MSJg£ 1 3 5 O'C 

k Lfc k £ *>T\ =t 'J 7 .!*>£&*i&£8£a}«5 

-rot*. ^ , j7^.x<r)i:Tcci5i)^i«i : fyx 

)i>frb7)V3Vt}"X%:{> 0 kgf/c m^E^-CRlIt 
[009 1] #^fl£#m5^*K*f LT, T)Vd>if 

xmw%*. 7 0 orx 6 0 oBw^waa^tttfc. 

[0092] ;^5»«KI^*$<TJtaPE«*fc:ov^. 
•etf>fflflMc£#*f*$rt:tf>. Cu-K«5ffii«fl2 
0° -6 0' fcTXWaWfSffojt. Hiif^-y^ 
fe, ifflkLT. R, (Fe • Co) 14 BS!ffl (A-F 
JSttffl) jWfffcU ifc, «U:fc(>C. a - (Fe, 
Co)Iffl(V7 UttlS ) jWWe*-* <r t 

fc. $<^c mamrfwam (tem> (entasis 



[0093] zcowGwmz. #07$. mm (-Mn 

y 1 2 ) k , jfcfcot H 5 x>^i^kMPJ*> 
mtZm&L. ^it£>£2 2 5'Cxl 5 4MB, anut 

k£, 8ffi»*i:tfy7$KWIIi (t^oyi2) ko 



i MI k Uz . , flffi*aa&n**>* 

[0094] &vvc\ ;^3^^yH*ft#L-ca« 

ft*$fcfl»rLT» E&l 0mmxH;$7mm<7)Ra^ 
[009 5] £*l6«>lf5'F«Bfc:oiYt. |&i§5ftg 

3. 2MA/m<o^;^*«*ttLfca, w.fiimm% 
if- (rnisxus (1*) §sl trf-5bh) t,zxm&m 
m»2.' oMA/mx-m^m. (msbt, max 

H eJ tJj:lf**HBRx*/Wf-« (BH) .„) Sril^ 
L/C. HJgiSoiftBBi, 2 3'C (MS) Tfcofc. 
[0096] HBffifco^T, A 1 ^**w. fig 

(BH) aat ff)m^2l>Z7jkt. . 

[0097] 

[H2] 





w 






B r 


H CJ 


(BH) n „ 






(am) 


(nm) 


(T) 


(kA/m) 


(k J /m 3 ) 




0 


35 


78 


0,b9 


405 


52.3 


! 9 


0. 04 


37 


53 


0.72 


541 


73.2 


10 


0. I 


34 


4Y 


0.73 


553 


76.5 


11 (4k»W> 


0.2 


36 


43 


0.Y5 


585 


80.3 


12 (*38W) 


0.5 


33 


39 


0.Y5 


603 


81.2 


13 


1.5 


38 


4b 


0. Y4 


579 


79.9 


14 <Jt«W 


2.2 


33 


72 


0.61 


431 


56.5 



[00 98] S2*^aflic.^J:p(: t -fyy'frNo. 
9-No. 13 (*ffll) <r)#>VWGte. vvtftu>. 

-m ( BH) „ 1 :BJ:tf«HtfjH c j) SrWLTV^^t 
*tU t^No. 8. No. 14 (JtiRCT) Otfy 

[0099] 

[0100] • K5l&5fo&*±fflfc LT^a- Kttttffl 
k . V 7 bSttffl k *#t*«^ffl«TflWtS<ir ^* 



[01 ] wtmrnGWitmintrtm (tyay 

10 V7h«ttffl 
1 1 A-HiKttffi 
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244 1 0 5A) 



[HI] 





[03} 

10 



7. 




I 




A 



0 



(51) Int. CI.* 
C2 2C 33/02 

38/00 
H 0 1 F 1/08 



303 



F I 

C2 2C 33/02 
38/00 
H 0 1 F 1/08 
1/06 



D 

303D 
A 
A 



(##> 



4K017 AA06 BA06 BB06 BB12 BB13 
CA07 DA04 EB05 EK01 FA05 
FA07 FA11 FA15 

4K018 AA27 BA18 BDOl GA04 KA46 
KA62 

5E040 AA04 AA19 AC05 BB04 BDOO 
CAOl HB07 HB11 HB17 NNOl 
NN06 



